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BJAUSIHUE MOJUPUIUPYIOINUX JOBABOK

HA XEMOCOPBILHIO OKCUJA CEPBI(1V)
BOJJOKHUCTBIM MATEPUAJIOM, UMIIPETHUPOBAHHBIM
NOJUAITUJIEHIOJIUAMUHOM

B crarnyecknx ycioBHsX ¢ UCIIONB30BAaHUEM BAaKYyMHOW COPOIIMOHHON yCTAHOBKH C KBaplie-
BBIMHU NPYKHHHBIMH BecaMi Mak-bena-bakpa nccnenoBata ruipouiibHOCTb BOJIOKHHCTBIX
XEMOCOPOEHTOB KHCIIBIX T'a30B HA OCHOBE MOJIMA(PHUPHBIX CHHTETUUECKUX BOJIOKOH, MMIIpET-
HHPOBAHHBIX TOJIUITHICHIIONMAMUHOM M COJIEPIKAIINX B Ka4eCTBE MOANU(GUKATOPOB-TIPOMO-
TOPOB PsiJi J0OABOK, TAaKUX KaK DIIMIWH, HOAMI Kalus, XJIOPUI HATpHsl, THHATPUEBAs COJb
STUJICHINAMUHTETPAYKCYCHOM KUCIIOTHI, KapOOHAT HATPHst M KapOoHaT Kanus. [Toka3aHo, 4To
BBE/ICHUE YKa3aHHBIX 100aBOK MPUBOJHUT K PE3KOMY MOBBIIICHHIO THAPO(UILHOCTH 00pas3-
IOB, YTO CO3/IAeT MPEANOCHUIKH IS OCIeayIoMIeH Oonee 3(pPeKTUBHOI XeMOCOPOIIHU OKCH-
na cepol (IV). B pamkax Teopuu moauMomeKysipHoii copoumu bpynayspa—Immera—Temnepa
(BOT) mpoananu3npoBaHbl H30TEPMBI COPOITHH MAPOB, BOIBI, OMPEACICHB! BETUIHHBI EMKO-
CTH MOHOCJIOSI M 3HAUECHUsI TEIUIOT COPOIIMH MOJIEKYJT BOJIBI B IIEPBOM ciloe. B crarmueckux n
JIMHAMMYECKHX YCJIOBHSX HCCIIEI0BaHA XeMocopOwus okcrza cepsl (IV) Cyxumu U yBIaKHEH-
HBIMHU 00pa3laMK XeMOCOPOEHTOB. YCTaHOBJIEHO, UTO TIporiece xemocopOuuu SO, MOXeT mpo-
HCXOAUTH TOJIBKO TPH HAJIMYHMH «CBOOOIHOM» BOJbI, 00Opasyrolieiics nocne 3aBepiueHus ¢op-
MHpOBaHHs1 MOHOCOs. [TokazaHo, 4To BBeAEHHE THAPODMIM3HPYIONINX J100aBOK MPUBOIHUT
K CYIIIECTBEHHOMY YBEIMYCHHUIO TOINIOTUTENBHON CocoOHOCTH 1o okeuay cepsl (IV) kak B
CTaTHYECKUX, TaK M B TMHAMUYECKUX YCIIOBUSIX. [[aHHBIE MaTepHalibl MOT'YT HAHTH IPUMEHEHHE
B Ka4eCTBE ra30MONIOMIAIOIIMX HIEMEHTOB JUISl CHAPSDKEHHS CPEJICTB MHANBHIYaTbHOM 3aIHThI
OpraHoOB JIbIXaHMs — O0JIErYeHHBIX Ta30IbUIC3aIIUTHBIX PECITUPATOPOB.

KiioueBble cj10Ba: BOJOKHHUCTBIE MaTepHaIIbl, TPOMOTOPHI, H30TE€PMa, Mapbl BOABIL, OJIUITH-
JICHITOMaMUH, OKcust cepsl (IV)

B xadecTBe XeMOCOPOSHTOB KUCJIBIX HJIM/M OCHOBHBIX T'a30B U MMAPOB TPAIUIMOHHO
HCIIOJB3YIOT HOHOOOMEHHBIE BOIOKHUCTHIC Marepuaisl (MBM), B 4acTHOCTH, IS H3T0-
TOBJICHHUS POTUBOra30BbIX AneMeHToB (I1I'Y) nerkux pecrnuparopos npumMeHsuiucs UIBM
(aHMOHUTHI WM KaTHOHUTHI) HA OCHOBE CHHTETHMUYECKMX BOJIOKOH ITpou3BozacTBa Poccun
u benopyccunmu [1, 2].

CrnencrBueM paspyLieHus: KoonepatuBHbIX cBsi3el pu pa3Basie CCCP u oTHOCHTENb-
HO BBICOKOW IIEHBI UMITOPTHPYeMbIX 1IBM OBLIO HE TOJIBKO TOPMOKEHHE MTPOU3BOACTBA
B YKpauHe JIETKUX MPOTHUBOIAa30BbIX U I'a30MbUIC3AIIUTHBIX PECIIUPATOPOB — ITO CTAJIO
TaKXKe CTUMYJIOM JIJIsl pa3pabOTKX HOBOI'O MOKOJIEHUS] MaTepralioB PeCIMpaTopHOro Ha-
3HAYCHUSI — IMIIPETHUPOBAHHBIX BOJIOKHHCTHIX XxeMocopberToB (UBXC) [3, 4].

56 DOI: http://dx.doi.org/10.18524/2304-0947.2020.4(76).216927
© A. A. DuHan, P. E. Xoma, P. M. [lny6osckuii, 1O. C. 3axapeHko,
H. H. A6pamoga, T. B. Muxaiinosa, JI. A. bap6anar, 2020



Bruanue moouguyupyrowjux dobasox na xemocopoyuio SO, UBXC-PEPA

Corpynankamu OU3NKO-XUMHAYECKOTO HHCTUTYTA 3aIUTHI OKPYKAIOIMIEH Cpeabl U
yenoBeka MOH u HAH Vkpaunsl (1. Onecca) pazpaboTaHbl HMIIOPTO3aMEIIArOIIHE
NBXC, noromenne BpeqHoro raza KOTopsiMu, B omnuue ot UBM, nponcxonut 3a cyer
B3aUMOJICHCTBHUS C pEareHTOM, HAHECEHHBIM Ha TTOBEPXHOCTH BOJIOKHHUCTOTO HOCHUTEIS
(BH) — HEeTKaHOTO MIVIONPOOMBHOTO Marepualia Ha OCHOBE MPHUPOIHBIX (IIEIUTIOIO3bI) U
CHHTETHYCCKUX (ITOTMaMUAHBIX, TOTHAKPHUIIOHUTPIIGHBIX, MTOMUI(QUPHBIX, TTOTATIPOIIH-
JICHOBBIX H T.JI.) BOJIOKOH C HEOOXOTUMBIMU COOTBETCTBYIOIINMH (PH3UKO-MEXaHUICCKIMHU
cBoifcTBaMu. VIMITpEerHUPYIOMNMY peareHTaMy, B 3aBUCHMOCTH OT MPUPOBI ra3000pas3-
HBIX 3aTPS3HUTEIICH, BRICTYIIAIOT BOJHBIC PACTBOPHI PA3IMIHBIX BEIICCTB, 00CCIICIMBAIO-
IIMX XHUMHYECKOE CBS3BIBAHUC B PE3YNIBTATe PEaKIMii HEHTpaTH3aIliH, OKHUCICHHS-BOC-
CTaHOBJICHUS ¥ KOMIUICKCOOOPA30BaHMsL.

NBXC kuchbpIX Ta30B TNEpBOHAYAIBHO OBUIM IOJYYEHBI IyTeM HMIIPETHUPOBA-
Hust BH BogabIMU pacTBOpamu kapOoHara Harpus [4] 0o rekcaMeTHIICHTETpaMUHA
(HMTA) [5]. BriocnencTBuy JUTsl yBEJTUUICHHUS TIOJTHOTHI «CpadaThIBaHHS MaTepraa 3a
CUET JOCTIKCHHUSI PAaBHOMEPHOTO pacIpeieNICHHsI PETEHTOB TI0 MMOBEPXHOCTH BOJIOKOH
B BOJIHBIE PACTBOPHI Na2C03 1 HMTA nonoinHUTEIHHO BBOIWIMCH MOTUDUITUPYFOIIIHE
JI00aBKH — OJTHO- U MHOTOATOMHBIE CITUPTHI U JIp. [6, 7].

B mampHelimeM B KauecTBE MMIPETHUPYIOIIETO peareHTa ObUT MPEAIoKeH IOIH-
tunennonuamud (PEPA) — a3zorconepikaiiee coequHEHHE ¢ OOJBIION MOJICKYIISIPHOU
Maccoii, B COCTaBe MaKpOMOJIEKYJIBI KOTOPOTO HMEIOTCS TIEPBHYHBIC U BTOPHYHBIC aMH-
norpynmsl (NH,(CH,CH,NH) H, rne n=5-7), Haxoasmuiics Ha MOBEPXHOCTH HOCHTENS
B KUIKOM cocTostHuM (B omnuue oT Na,CO, u HMTA) 1 ycToHuMBBIN K KMCJIOTHO-Ka-
TaIM3upyeMoMy THIpOIu3y [8].

W3BecTHO [9], 9TO JUIst UHTCHCH(DHUKAIIMY POTEKAHUS Psifia XUMUYESCKUX TIPOIECCOB
B Ta300YMCTKE M TE€TEPOreHHOM KaTalM3¢ HCIIONB3YIOTCS BEIIECTBA-TIPOMOTOPEI, JI0-
OaBIIsIeMbIC B PEAKIIMOHHYIO CPEy JIMOO HA TIOBEPXHOCTH TBEPIOH (a3bl.

Tak, HampuMep, COpOEHT UIS TOINIONIICHHUS CEPOBONOPOAAa M METHIMEpKarTaHa
Ha OCHOBE AKTWBHPOBAHHOTO YINIS NPOMOTHPYETCS aMMHAKOM, IOIaBaeMBIM B IIO-
TOK OYHUIIIAEMBIX Ta30B, YTO YBEIMYUBACT MOIJIOTHTEIBHYIO CIOCOOHOCTH yruist [10].
JlobGaBneHne He3HAYUTENBHOTO KoiandecTBa MoHoaTaHoimamuHa (0,035-0,075 mac. %)
OT MacChl MCXOTHOTO aKTHBHPOBAHHOTO YIS, HMIPETHUPOBAHHOTO HOIHIOM KaJIws,
MIPUBOINUT K CYIIECTBEHHOMY YBEJIIMICHHUIO €TO IMTOTIOTUTEIHHOI CITIOCOOHOCTH TIPH T10-
mIomeHnu cepoBoaopoaa [11].

Karamutnueckast akTHBHOCTH OKcra BaHaaust (V) IpH IPOBEICHUN PEaKIIUH OKHIC-
neHust okcuyia cepsl (IV) oBbltiaeTes mpu 100aBICHUN HEOOIBIINX KOJTHUECTB Cyb(a-
TOB IIETOYHBIX MeTaiutoB [11]. st ymydiieHuss KWHETUYECKUX M 3aIlIUTHBIX CBOWCTB
xeMocopOenToB kucibix ra3os (CO, u SO,) B kauecTBe 100aBOK MCIIONb3YIOT aMHHO-
kucioThl [ 12-14], kapOoHar kamwst [15], raoreHu bl MeJ0YHbIX MeTauIoB [16] u p.

Heo6xomumMo OTMETHTB, YTO YIy4IICHNE SKCIUTYyaTallMOHHBIX XapaKTEPUCTHK IO-
IJIOTHTENEH M KaTalnn3aTopoB MPH T00ABICHUH MPOMOTOPA 3HAYUTEIHLHO TIPEBOCXOIHUT
TOT 3 (}EKT, KOTOPBIE MOKHO OBUIO OBl MOJYYHUTh B PE3yJibTare HE3aBUCHMOTO JICH-
CTBHSI CaMOTO IIPOMOTOPA, MIPH 3TOM CaM IIPOMOTOP MOXKET BOOOIIe HEe 00aaTh Mmo-
TJIOTUTEIFHON MJIM KaTaJTuTHYeCKOW akTUBHOCTEIO [9, 17, 18]. B cirywae mpomoTopos,
HAaHECCHHBIX Ha TIOBEPXHOCTH TBEPIOH (Pa3bl, pa3IHyaroT CTPYKTYPOOOpa3yIomIie 1 aK-
TUBHUPYIONIHE MPOMOTOPEL. CTPyKTypooOpasyomue MpoMOTOPEI, KaK MPaBUIIO, MPE-
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CTaBJSIFOT OO0 MHEPTHBIC BEUIECTBA, MPUCYTCTBYIONIHME B afcopOeHTe (KaTaim3aro-
pe) B BU/IC MEITKUX YaCTHII, IPEIATCTBYIONINX arperauy YacTHIl aKTUBHOM (ha3bl, 4TO
MIPEAOTBPAIIACT YMEHBIICHNE aKTHBHOM TTOBEPXHOCTH BO BpEMsI paOOTHI KaTaIH3aropa.
AKTHUBHUPYIOIIIE TPOMOTOPHI MOTYT CO3[aBaTh AOMOJIHUTEIbHBIC aKTHBHBIC IIEHTPEI,
BO3/ICHICTBOBATH Ha DJICKTPOHHYIO CTPYKTYPY aKTHBHOM (ha3bl.

Lenpio maHHOI PaOOTHI SIBISUTOCH BRISICHEHNE TPUHIUITAATEHON BO3MOXXHOCTH YBe-
JUYCHUS TOTIOTUTENbHOM criocoOHOocTH MBXC KHCIBIX Ta30B HA OCHOBE a30TCOJIEP-
JKaIIIX OPTaHUYCCKUX OCHOBAHHUH ITyTEM BBEACHUS B MPOIMTOYHLIC PACTBOPHI psijia
100aBOK.

B macrosmielt pabote mpencTaBIeHBI PE3yNbTAaThl MCCICIOBAHMS COPOLUH MapoB
Bonbl U okcuna cepbl (IV) HeTkaHbIM MaTepHaioM Ha OCHOBE IMOJMA(UPHBIX CHHTE-
THYECKUX BOJIOKOH, UMIIPETHUPOBAHHBIX BOAHBIMU pacTBopamu PEPA (B kadectse
MOJICJIBHBIX XeMOCOPOCHTOB) M COJIEpXKAIIUX Psijl 100aBOK (B KauecTBE MPOMOTOPOB-
MOAM(HUKATOPOB), TAKUX KaK XJIOPHUI HATPUs, HOAN Kayusl, AMHATPUEBAS COITb STHIICH-
nuamuHTeTpaykcycHoi kucnotel (EDTA), mmunun (Gly), kapOOoHATEI HATPHUS U KaJIUS.

MATEPHUAJIBI U METOABI HCCJIEJOBAHUSA

Hnst uccnenoBanuii B kauectse BH mcmonb30Banu HETKaHOE UITIONPOOUBHOE IIO-
JOTHO st pUIBTpanK Ha OCHOBE JIaBCAHOBOTO BoJyiokHa (apT. 13B230 (550) H6, TY
VY 00306644.108-2000) TommuHOM 4 MM M HMOBEPXHOCTHOH IUIOTHOCTBIO 550 /M~
B cpaBHUTENBHBIX yCIOBHX HccienoBanuck: obpasusl BH, cogepxamue PEPA Ge3
no06aBok; 06pasisl, coaeprkamre PEPA u BeleykazaHHbIe JOOABKH; a TaKkoKe 00pasIbl,
cozeprkamye 100aBku U He coaepxaniie PEPA.

C yueroM JaHHBIX, [IOJy4eHHBIX HaMU pasee [19, 20], nponuTouHble pacTBOPLI I'0-
TOBMJIM TAaKUM 00pa3oM, 4TOOBI MOJIIPHOE COOTHOIIeHHe koMoHeHToB PEPA (B nepe-
cuere Ha amunHbI N); NaCl u Na,CO, (8 nepepacuere na Na); KCl u K,CO, (8 nepe-
cuere K) cocrasnsio N : Na (K)=2,0:1,0.

Jl1s IPUTOTOBIICHHSI TPOITUTOYHBIX PACTBOPOB C 3alaHHBIM COJCP)KaHUEM PEAareHTOB
B 80 MJI TUCTHJUIMPOBAHHOHN BOJBI PACTBOPSUIA HEOOXOIUMOE KOJIMUYECTBO PEarcHTOB,
MepEMENINBAIH /10 ITOJIHOTO PACTBOPEHUS U TOBOAMIHN Bo0# 10 100 mi1. ITomyueHHbIMEU
pacTtBopamu IiponuTsiBan BM u3 pacuera 4,3 mi pactsopa Ha 1,0 r Hocurens 1o noi-
HOro BnuUThIBaHUS. OOpasibl BHICYIIMBAIM Ha BO3MyXxe mpu Temmeparype 20-25 °C.
XapakTepucTUKH MoryuyeHHbIX 00pa3noB BXC u cocTaBbl MPOMUTOYHBIX PACTBOPOB
IIpUBEACHEI B Ta0I. 1.

Hccnenoanus copOrmoHHbIX xapaktepuctuk UBXC npoBonuim B cTaTHYECKUX U
JUHAMUYECKHUX YCIOBHUSAX CyXHUMHM U YBIQXHEHHBIMHU 00pa3IaMu.

B crarndeckux yciaoBusX copOIMIO MapoB BoAsl U okcuaa cepsl (IV) usydanu B
TepMmocraTupoBaHHol npu 298+0,2 K BakyyMHOM yCTaHOBKE C KBAPLEBBIMU IIPYKUH-
HeIMH Becamu Mak-bena-bakpa [14]. BakyymupoBaHue OCYIIECTBISUIM IO TIOCTOSH-
HOM Macchl ¢ moMolIblo (opBakyymHoro Hacoca. Ocrarounoe maenenue (0,013 Ila)
KOHTPOJIMPOBAJIX MOHU3ALUOHHO-TEpMONapHbIM BakyymmerpoM BIIT-2M. [laBnenue
raza-cop0ara perucTpupoBau ¢ momoIbio U-00pasHOro MaHOMETpa MO MOKa3aHUAM
karetomerpa KM—6. Omubka nusmepenuii He npesbimana 2 %. Konauimonupoanue
00pa3LoB — yBIQXHEHHE 0 COOTBETCTBYIOIIETO YCIOBUSIM SKCIECPHUMEHTa BIAroco-
JICpKaHUS — IIPOU3BOIMIIN HEITOCPEICTBEHHO B BAKYYMHOM YCTAHOBKE 10 JOCTHKEHHUS
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Tabmmua 1
CocTaBbl IPONUTOYHBIX PACTBOPOB U xapakTtepuctuku UBXC
HA MX OCHOBE
Table 1
Compositions of impregnating solutions and characteristics of IFCS
based on them
Conep:xanue KOMIIOHEHTOB
KommnoneHnTs1
Ne B pacTBope As B NIPONUTHLIBAIOLIEM PacTBOpe B UBXC
MPONMHUTHIBAHMS onB/
/100 M1 MI/T HOCHTeJISt
(B mepecueTe HA 3JIEMEHT)
1 PEPA 1,07 0,250 (a3ot) 65
5 NaCl 0,73 0,125 (natpwii) 44
2 KI 2,07 0,125 (xamuit) 125
3 Na,CO, 0,66 0,125 (narpwmii) 40
4 K,CO, 0,66 0,125 (xammit) 52
6 EDTA 2,10 0,125 (marpwmii) 127
7 Gly 0,93 0,125 (a3ot) 56
PEPA 1,07 0,250 (azot) 65
8
NaCl 0,73 0,125 (narpwuii) 44
PEPA 1,07 0,250 (azoT) 65
9
KI 2,07 0,125 (xanuii) 125
PEPA 1,07 0,250 (a3oT) 65
10
Na,CO, 0,66 0,125 (marpwmii) 40
PEPA 1,07 0,250 (a3ot) 65
11
K,CO, 0,66 0,125 (xammit) 52
PEPA 1,07 0,250 (azot) 65
12
EDTA 2,10 0,125 (narpwuit) 127
PEPA 1,07 0,250 (azoT) 65
13
Gly 0,93 0,125 (a3ot) 56
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COCTOSIHUS COPOIIMOHHOTO PAaBHOBECHS TIPH 3aJaHHOM 3HAYCHUN OTHOCHTEIHHOTO JaB-
JIEHUS TapoB BoJbl P/P . B TMHAMUYECKUX yCIIOBUSX UCCIIEI0BAHMS TIPOBO/IMIIA C TOMO-
B0 CTICIUATHHON Ta30JUHAMUYECKON yCTaHOBKH, onucanHoi B [8]. KonnenTpamuro
SO, B razo-posnymnoi cmecu (I'BC) ompenensim ¢ MOMOMIBIO SIEKTPOXMMHYECKOTO
razoaHanuzaropa mMapku 6673X10.

HccnenoBanus XxeMoCcopOIu SO2 B IMHAMHYECKOM PEXXHME MPOBOJIUIIN B YCIOBH-
X, NPUOMMKEHHBIX K peanbHoii sxcruryarannn CU30/1: konuentpanus SO, 8 I'BC —
150 mr/m? (15 TIK) otHOcuTesbHast BaaxxHocTs [ BC ¢ = 90 % (iuHeiiHast CKOpOCTh
notoka I'BC — 2,0 cm/c, obbemuast — 0,001 m*/mun). O 3amuTHOH 3GPEKTUBHOCTH
UBXC cymuin 1mo BpeMEHH WX 3allIMTHOrO NEHCTBHsA (T,,, MHH) Bpems sammrtHOTO
JEHCTBHA (PMKCHPOBAIIM B MOMEHT, Kora KoHueHTpanus SO, 3a CI0eM HCCIIETyeMOro
Marepuana coctapisna 1-3 mr/m’. JIA (mmons SO,/r) onpenensiiu no gopmyiie:

)IA:%‘ (1)

m-MSOZ

rne C — KOHIIEHTpaIus SOQ, Mmr/m?; V — o6bemHuas ckopocts I BC, M3 /mMuH; m — Macca
UCCIIEyeMOro MaTepuana, r; My — MosspHas Macca okcuza cepsl (IV), r/mors.

MHKpOCKOTHYECKHE HCCIIEIOBAHMS IPOBOIMIA METOIOM CKAHHpYIOUIEH /IeK-
TpoHHO# Mukpockonuu (SEM) Ha mukpockone Tescan Mira 3 LMU (Tescan, Uexusi).
UccnenoBanus mukpomopdonoruu nomydeHHsix UBXC npoBoauau myTeM CKaHHPO-
BaHUS UX MMOBEPXHOCTHU JI BO3AYIIHO-CYXHX 00Pa3I0B, HAHECEHHBIX HA rpaUuTOBBIN
CKOTY B peskuMe BTOpUUHBIX 1ekTpoHoB (SEI). KP crniekTp peructpupoBalid Ha CIiek-
tpoMerpe DXR Raman Microscope «Thermo Sientificy. OTHecenue konebanuii npo-
BEJICHO C MCIIOJIb30BaHUEM JaHHbIX [21, 22].

PE3VJIBTATBI DKCHEPUMEHTA U UX OBCYXJIEHUE

Nzotepmbl copbumu napoB Boabl ipu 293K o6pasmamu BH, conepsxanmmu PEPA
0e3 1o0aBoK, oOpasnamu, coaepxkammumMu PEPA u BeilieykasaHHbIe J0OABKH, a TaKkKe
oOpasuamu, comepkamnuMu 1o0aBKu 1 He conepkamumu PEPA, mpusenens! Ha puc. 1/

[IpuBenenHbie H30TepMbI 0OTHOCSTCS KO 11 THITYy MO Knaccudukanuu C. bpyHayapa,
JI. Nemunra, V. Jlemunra E., O. Temnepa [23]. DTOT T M30TEpPM XapaKTepeH ISl aj-
COpOIMH Ta30B U MMAapOB HETIOPUCTHIMHU TBEPABIMH TEIaMH, IIPU ITOM CJIaboe B3anMo-
JIeHcTBHE afcopOeHT-acopOarT 00yclaBiIrBacT HeOOIBIIYIO BETMUUHY aJICOPOITUH TTPH
HU3KHMX 3HAUEHUSAX OTHOCUTEINIbHBIX AaBJIE€HUI 1apoB BOBI.

Kak BuaHO U3 puc. 1, BBeieHHEC MOTUPHINPYIOMNX T00aBOK IMPHBOIUT K CYyIIIe-
CTBEHHOMY YBENWYEHHUIO ruaparannn BM (ocobenno npu P/Pg > 0,8), 4T0, Kak u3-
BECTHO, UMEET OIpEEeIsIolIee 3HaueHUe P XeMocopOmmu Kucibix razoB UBXC Ha
OCHOBE a30TCONIEPIKAIIUX OPTaHNUSCKUX OCHOBAHHUI B COCTaBE OOJICTYCHHBIX Ia30IThI-
JIE3AIMUTHBIX pecrupaTopos [§].

M30TepmMbl JO0CTaTOYHO XOPOLIO ONUCBHIBAIOTCS C IOMOILBIO M3BECTHOIO JBYXIla-
paMeTpUYECKOTO YPaBHEHHUS aJIcOpOIMOHHON Teopun bpyHayspa, Ommeta u Temnepa
(bOT) [24]:
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Puc. 1. 3otepmbl copOupmu mapos Boasl obpasuamu UBXC-Na,CO, (1a), IBXC-K,CO; (2a), UBXC-
NaCl (3a), UBXC-Gly (46), IBXC-EDTA (56), UBXC-KI (66), UBXC-PEPA (76; 16), UBXC-
PEPA-Na,CO, (26), IBXC-PEPA-EDTA (3s), UBXC-PEPA-K CO, (46), IBXC-PEPA-Gly (52),
NBXC-PEPA-KI (62), UBXC-PEPA-NaCl (7).

Fig. 1. Water vapor sorption isotherms by samples IFCS-Na,CO, (1a), IFCS-K,CO, (2a), IFCS-NaCl
(3a), IFCS-Gly (46), IFCS-EDTA (56), IFCS-KI (66), IFCS-PEPA (76; l6), IFCS- PEPA-Na,CO,
(26), IFCS-PEPA-EDTA (36), IFCS-PEPA-K,CO, (46), IFCS-PEPA-Gly (52), IFCS-PEPA-KI (62),
IFCS-PEPA-NaCl (72).

a,CP/P, ,
(J—P/PS j[1+(C—1)P/PS}

2

IJie a — BEJIUYMHA COPOLMM, MMOIIB/T; d — €MKOCTh YCIOBHOTO MOHOCJIOS, MMOJIb/T;
P/P — otHOCHTENBHOE NaBienue ancopbara; C — KOHCTAHTa, XapaKTEPU3yIomas SHep-
THIO B3aHMOJICHCTBUS copOaTa ¢ COpOSHTOM B IIEPBOM CJI0€ COPOMPOBAHHBIX MOJICKYII.

st 06pa3nos, comepikamux J00aBKH, B Ta0N. 2 TpEICTaBICHBI TapaMeTPhl ypaB-
Hennst bOT, a Takke paccuMTaHHbBIE, KAaK PEKOMEH/IOBAaHO [24, 25], 3HaUeHUs TEIIoT
copOruu MoJeKyl Boabl (/[»k/MOIb) B IepBoM ciioe:
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Q,=R'TInC+Q, 3)

rie Q, — Temnora copOuuu B TepBoM cioe; Q — TemIoTa KOHJEHCAUU BOJbI
(135,9 JIx/monb).

HUccnenoanus xemocopbuuu okcuaa cepbl (IV) B cTaT4ecKuX yCIOBUSIX MOKA3aIH,
4to cyxue obpasipel BM npakrudecku He nornomaroT SO,. 3HaUHTEIbHOE YBEIHYEHUE
KONIM4EeCTBa COpOupoBanHoro SO, HaboIAETCs MOCIE JOCTIKEHUs 3HaueHni P/P > 0,5,
KOIa 0Opa3yroTCsl MEHEE MMPOYHO CBSI3aHHBIC TIOBEPXHOCTHBIC THAPATHBIC CJIOH U MOSIB-
JISIETCS TAK Ha3bIBaeMasi «CBOOOIHAS BOJIA, YUACTBYOIIAsI B IIpoIiecce xemocopormu [8].

Tabnua 2
Mapametps! ypaBuenusi BT (2) nos UBXC
Table 2
BET equation (2) parameters for IFCS
Oopasen
MBXC- | HBXC- I{,Igiff_' Iggiff_' UBXC- I{}g;‘f_‘ HUBXC-
PEPA PEPA-KI K,CO, Na,CO, PEPA-NaCl EDTA PEPA-Gly
. 0,37 0,53 0,47 0,39 0,63 0,40 0,49
C 20,7 15,6 15,9 20,3 11,9 18,1 14,7
Q, 7517 6835 6884 7468 6177 7200 6689
a’ 6,3 11,6 11,7 9,98 17,0 10,5 10,1

“a, — npezenbHas BeNMUMHA copoumu pu P/P, = 0,95

Ha puc. 2 npusenensl usorepmbl copouun SO, npu 293 K BelmeykazaHHbIME 00-
pasuamu UBXC yBnaxnennbivu nipu P/P = 0,9. ®opma u30Tepm (pHc. 2) ¢ pe3KuM
MOABEMOM Ha HaYaJbHOM YYaCTKE CBHICTECIBCTBYET O XEMOCOPOIIMOHHOM MEXaHH3Me
CBSI3BIBaHUS, KOTJ]a OCHOBHOE KOJIMYECTBO copOaTa MOIIOMIASTCsl yYKe P HEOOIBIIOM
JaBICHUHN SOZ.

Kak msBecTHO [26], MOAM(UKAIMS TOBEPXHOCTH BOJIOKHUCTBHIX HOCHTENCH MPHUBO-
AT K PE3KOMY YBEIUYCHUIO THAPO(PIIFHOCTH BOJOKOH (B TOM YHCJE JIABCAHOBBIX)
BCJICACTBUE MIPEUMYIIIECTBEHHOTO BKJIala B MPOLECC THAPATAlN NOHOTCHHBIX TPYIII
PEPA u HuBenmupoBaHuUs BIUSHUS (PUIUKO-XUMHICCKIX CBOMCTB MaTepraia HOCUTEIIS.
VuuThIBas JaHHBIE Tl 3, MOXKHO MPEATIONOKUTD, YTO MPH BiaxkHocth P/P = 0,90
MoAu(HUKATOPhl, HAHECCHHBIC HA MMOBEPXHOCTH BONIOKHHUCTBHIX HOCHUTEICH, HAXOMSTCS
He B CBOOOIHOM BHIE, a Bujae ruaparos: IBXC-PEPA- 1,5nH20 (n=1+6), UBXC-
0,5(KI-1,3H,0), UBXC-0,25(Na,CO, 3,2H,0), UBXC-0,25(K,CO,-4,0H,0), UBXC-
0,5(NaCl-7,4H,0), UBXC-0,5(EDTA-3,9H,0), UBXC-0,5(Gly-0,5H,0).

AHanu3upysi TaHHBIC TaOJ. 3 ¢ y4eTOM OIYyOJIMKOBAHHBIX paHee NaHHBIX IO B3a-
nmoneiicteuio okcuga cepol (IV) ¢ BomabiMu pactBopamu PEPA [27], MmoxHO oTMe-
tuth creyromee. UBXC-PEPA-1,57H,0 nornomaer okcu cepol (IV) (pSO 13,3 xlla;
Braxnocte P/P = 0,90) ¢ 06pa3OBaHHeM Ha TTOBEPXHOCTH BOJIOKOH AMMOHHUEBBIX TH-
JIPOCYIb(UTOB:
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NH,(CH,CH,NH) H + (n+1)SO, + (n+1)H,0 —

— [NH,(CH,CH,NH,) H](HSO,) @

n+l

a 50y, MI/T
250

Psoo, klla

Puc. 2. Uzorepmbl copbumn SO, obpasuamn UBXC-Gly (1), MBXC-EDTA (2), UBXC-Na,CO, (3),
UBXC-K,CO, (4), UBXC-KI (5), UBXC-PEPA (6), UBXC-NaCl (7), UBXC-PEPA-Gly (8), UBXC-
PEPA-EDTA (9), UBXC-PEPA-NaCl (10), UBXC-PEPA-Na,CO, (11), UBXC-PEPA-KI (12), UBXC-
PEPA-K,CO, (13) npu P/P =0,90.

Fig. 2. SO, sorption isotherms by samples IFCS-Gly (1), IFCS-EDTA (2), IFCS-Na,CO, (3), IFCS-
K,CO, (4), IFCS-KI (5), IFCS-PEPA (6), IFCS-NaCl (7), IFCS-PEPA-Gly (8), IFCS-PEPA-EDTA
(9), IFCS-PEPA-NaCl (10), IFCS-PEPA-Na,CO, (11), IFCS-PEPA-KI (12), IFCS-PEPA-K,CO, (13)
at P/P =0,90.

Crenens cpabarbiBanusi PEPA no peakumu (4) cocrapnsier 88,5 %. Ilocne Bakyy-
MHPOBaHHs YKa3aHHOTO «CpaboTaHHOro» obpasua 9acte SO, B pe3yybTaTe rMapoiu3a
Jiecopoupyercs:

2[NH,(CH,CH,NH,) H](HSO,) . — )
— [NH,(CH,CH,NH,) H],(SO,) ., + (n+1)SO, + (n+1)H,0

¢ 00pa3oBaHHEM Ha ITOBEPXHOCTH aMMOHHUEBBIX cynb(uToB (S : N = 0,444).

B ciyuae ¢ UBXC-0,25(Na,CO,3,2H,0) B aHaJIOTUYHBIX YCIOBHAX HA MOBEPXHO-
CTH BOJIOKOH 00pasyercst ruapocyabput Harpust (S : Na = 1,0 : 1,0, crenens cpabarsi-
Banus cocrasiseT ~100 %), KoTopeIi npu BakyymupoBanuu Tepset 4acth SO,. Ilpu
atoM S : Na=0,676; 52,1 % ceper u 35,2 % HaTpUs HAXOIATCS B BUAC THAPOCYIb(PH-
Ta, 8 OCTAIBHOE WX KOJHUYCCTBO — B BHJE CyIb(puTa.

Oxenn cepwr (IV) mpu B3aumoneiicteuu ¢ UBXC-0,25(K,CO,4,0H,0) na mo-
BEPXHOCTH BOJIOKOH 00OpasyeT coenuHeHue ¢ cootHomenuem S : K = 2,0: 1,0, 4gro,
OYEBHJIHO, COOTBETCTBYET THApONUpocy bdury kamusa (KHS,0,). B nomxobueix ycio-
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Busix (npu u3obiTke SO, ; po, = 100 klla) ruapokapOonar TpuOyTHIOKTUI(GOCHOHMS
Takxe oOpasyer mz[ponnpoczynmbumy}o conb [28]. [nst mokaszarenbcTBa BBINIECKA-
3aHHOTO ObLIa MpOJIeIaHa clieayromias nporeaypa. B tepmocrarupyemyro siueiiky (50
MJI) ITOMeIaIn HaBecKy kapOoHara kanus (0,5 r) u obpabareiBanu mompodno MBXC-
0,25K,CO, (T = 298 K). BakyymupoBanu 10 NOCTOSHHOM Macchl, yBIaxHsmm (P/P,
= 0,90). [Nomy4eHHbI pacTBOP HACBIATM ra3000pa3HbIM OKcuIoM cepbl (IV) mpu pg
= 13,3 x[la u BeIAEpkUBanu B TeueHue cyTtok npu 298 K B repmernyeckn 3aI<pLIT01‘/21
staeiike. [TomydeHHblid kpuctaaeckuii mpoaykt (I) 6emoro mpera uISHTHPHUITHPOBA-
i ¢ nomonipio KP-cniekTpockonuu HemocpenacTBeHHO B suciike 6e3 Bekphitus. KP 1
[v, em']: 1175 cn. [v(S,0,) = v(SO,)]; 1084 cx. [v(S,0,) = v(SO,)]; 1056 c. [v(S,0,);
966 cn. [v(S,0,); 649 cp. [v(S,0,) = 6(0-S-0)]; 553 cn. [v(S,0,) = 3(SO,)]; 512 cm.
[V(S5,0,) = 8(0-S-0)]; 473 cn.; 462 ca. [v(S,0,)]; 429 cp. [v(S5,0,) = 5(S-S), 5(0-S-S)];
314 cn. [v(S,0,)]; 240 o.c.; 213 cn.. KP cnekrp coenunenus I na 92 % cosmnagaer ¢
TalyaupoBaHHbIM criekTpoM KS O, m X0opomio cornacyercest o CHEKTpOM T'HIPOIUpO-
cynbpura TpudbyTHIOoKTHI(GOChHOHMS [28]. B yKa3aHHOM CHEKTPE OTCYTCTBYIOT T0JIO-
CBI MOIJIOLIEHHS!, KOTOPBIE MOXKHO ObLI0 ObI OTHECTH K Konebanusam SO, SO,-H, O [21,
22], oxcoanuonos cepbl HSO; u SO [29], uto noaTBepaeT ckasaHHOE BbILIE 00
00pa30BaHUU THIPOITUPOCYTbPHUTA KA.

B pe3synbrare runponnsa KHS, O, 68,2 % oxcun cepsr (IV) necopbupyercs o co-
otHomeHus S : K = 0,636 ¢ o0pa3oBaHHEM Ha MOBEPXHOCTH THIPOCYIb(UTA U CYIIb-
(uTa Kanms.

Hacermenne UBXC-0,5(EDTA3,9H,0) okeunom cepsi (IV) npoucxomut 10 coot-
HomreHus S : Na = 0,613, npu 5TOM Ha MOBEPXHOCTH BOJIOKOH 00pa3yeTcsi CMECh CyIlb-
¢ura n rugpocynbdura Harpus, a Takke cBoboanas kucnora (H,Y). Hecmorps Ha To,
uro cepuuctas (SO, H,0; pK : 2,01, 7,15) n stunenmuamunrerpaykcycnas (pk : 2,0,
2,7, 6,2, 10,3 [30]) KHCIAOTHI IPUOIUZUTEIHHO OJMHAKOBOW CHIIBI, TIPU BaKyyMHPOBa-
HUH CUCTEMBI IPOTEKAIOT HEOOPATHMBIE TIPOIICCCHI:

H,Y + Na,SO, — Na,H,Y + SO,1 + H,0; (6)
H,Y + NaHSO, — NaH,Y + SO,1 + H,0. (7)

ITpu stom ocoboxkmaerces 82,87 % SO,. Tak kak pK, (H,Y) > pK (SO,-H,0), To
ocrasuascs yacth NaHSO, He B3aumorerictyer ¢ NaH,Y, uro coracyercs ¢ pesyiib-
TaTaMu KcrepuMenTa (taom. 3).

Haceienne UBXC-0,5(Gly-0,5H,0) oxcumom cepsr (IV) npoucxomut 10 crexuo-
MeTpuueckoro cootHomenus S : Gly = 0,203, koTopoe npu BaKyyMHUPOBaHWUHU CHUXKa-
etcs 10 0,090. 310, O4eBHIHO, CBSA3aHO ¢ 0OpPa30BaHUEM Ha MOBEPXHOCTHU JIABCAHOBBIX
BOJIOKOH MOJIEKYJIAPHBIX KoMILTIEKcOB coctasa SO, 4,9Gly kH,0 u SO, 11,1Gly-mH,0
3a cuet H-csaspiBanus u S«—O=C koopauHanuu, noaooHo [31].

Haceienne o6pasuos UBXC-0,5(K1-1,3H,0) u UBXC-0,5(NaCl-7,4H,0) oxcu-
nom cepsl (IV) mpoucxomurt 10 crexuomeTpuueckux cootnomenui S : K = 1,826 (SO, :
H,0=1,36:1,00)u S: Na= 1922 (SO,: H,O = 1,00 : 3,81), coorBercTeenHo. [Ipn
3TOM BaKyyMHPOBaHUEM yfaeTcs necopobuposars 92,12 u 98,07 % SO,, uto cooTseT-
CTBYET THAPOIUTHIECKOMY pasioxkenuto 1,7550,-KI-1,3H,0 u 1,90S0,-NaCl-7,4H,0.
«Heobparnmoe» cesasbiBanne okcupa cepbl (IV) B Bume SO, 13KI'1,3H,0 wu
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SO,-52NaCl-7,4H,0, ou4eBuaHO, OOYCJIOBICHO OOPa30BaHUEM HMOH-MOJIEKYIISPHBIX
xomriekcoB O,S---1"u O,S---CI" [32, 33] 3a cuer S«—I u S«—Cl xooprunanum.

OO0parmiaer Ha cebs BHUMaHHE TOT ()AKT, YTO KOJMYECTBO TOIVIONICHHOTO OKCHJIa
cepsl (IV) o6pasnamu UBXC, conepkanyMu IpOMOTOPBI (PHC. 2), 3HAYUTEIBHO MTPEBbI-
1aeT CyMMY TapIHajIbHbIX BKJII0B COCTABISIONNX KOMITOHEHTOB (Kpome UBXC-PEPA -
EDTA).

Brecenne 106aBok B coctaB UBXC-PEPA npuBoauT K CHHEPTrHYECKOMY yBEIIAYE-
HUIO KOJIMYECTB 00paTnuMo (ynajasieMoro BaKyyMHPOBaHHEM) COPOMPOBAHHOTO OKCHJIA
cepol (IV) obpasnamu UBXC, uzmeHsieMoMy CUMOATHO CO CTETICHBIO UX THJpAaTalin
(puc. 3) B psany:

UBXC-PEPA-1,57H,0 < UBXC-(PEPA+0,51Gly)-2,0nH,0 <
< UBXC-(PEPA+0,25nNa,CO,)-3,6nH,0 < <
< UBXC-(PEPA+0,5#NaCl)-4,52H,0 < UBXC-(PEPA+0,51K1)-5,57H,0 <
< UBXC-(PEPA+0,251K,CO,)-5,7nH,0.

1,5 -

Ay, (SO,), MMOTIB/T

0 1 | 1 1

8
ay 6o(H,0), MMons/T

Puc. 3. Bnusuue ruaparanun o6pasuos MBXC na «o6patumyro» copbumio SO,.
PIP =0,90; p,, = 13,3 xlla.
Oobpasipt UBXC: 1 — UBXC-Gly; 2 2 HBXC-KI; 3 - MBXC-Na,CO,;
4 - MBXC-EDTA; 5 - UBXC-K,CO,; 6 - MBXC-PEPA; 7 - UBXC-PEPA-Gly;
8 —UBXC-PEPA-Na,CO,; 9 — MBXC-NaCl; 10 - UBXC-PEPA-EDTA;
11 - UBXC-PEPA-NaCl; 12 — UBC-PEPA-KI; 13 — UBXC-PEPA-K,CO.,.

Fig. 3. The SO, «reversible» sorption dependence on the hydration of the IFCS samples at P/P =
0,90; pg, = 13,3 kPa. IFCS samples: 1 — IFCS-Gly; 2 — [FCS-KI; 3 — IFCS-Na,CO,;
4 —1FCS-EDTA; 5 — IFCS-K,CO;; 6 — IFCS-PEPA; 7 — IFCS-PEPA-Gly;
8 —IFCS-PEPA-Na,CO,; 9 — IFCS-NaCl; 10 — IFCS-PEPA-EDTA;
11 — IFCS-PEPA-NaCl; 12 - UBC-PEPA-KI; 13 — IFCS-PEPA-K,CO.,.
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VkazaHHas 3aBUCUMOCTD OITHCHIBACTCS YpaBHCHHUCM!

(SO,) =-0,0295 + 0,3062a, ,,(H,0), (8)

ao6pA 0,90
KpoMme MBXC-0,5(KI-1,3H,0), MBXC-0,25(K,CO,-4,0H,0) " NBXC-
(PEPA+0,5nGly) 2,0nH,O, 4T0 06yCIOBIEHO CIIEAYIONIUM.

ONEeKTPOHHOMHUKPOCKOTIMYECKUH aHaIN3 MOKAa3ajl, YTO HOMUA KaJdHs W3 BOJHOIO
pacTBOpa OCaKAAaeTCsl Ha MMOBEPXHOCTH JIABCAHOBHIX BOJIOKOH B BHJE €IMHHYHBIX TIO-
JUKPUCTAITMYCCKUX (PParMEHTOB HEMPABUIBHOW (DOPMBI; TIOBEPXHOCTH 3€PEH MMECT
YEeTKHE TPAHUIBI, pa3Mep 3epeH HaXOMUTCS B mpeaenax 2—25 HM. DTo o0yclaBInBacT
OTHOCHTEJILHO HU3KOE 3HAYCHHE aO’QO(HZO) (Tabm. 3) nony4yenHnoro oopazna MBXC-KI.
[Ipn 5TOM NOBBIIEHHOE 3HAYEHHE «OOpaTuMoii» copbuun SO, (~1,3 MMoIB/T) Ha Ho-
sepxnoctu UBXC-0,5(KI-1,3H,0), oueBuaHo, 06yCI0BIEHO 00pa30BaHMEM HOH-MOJIE-
KyJIpHbIX KoMIuiekcos (O,S) 17 (n = 1+4) [32, 33].

B cmyuae UBXC-0,25(K,CO;-4,0H,0) noesiuentoe sHadenue a  (SO,) Bb3BaHo,
BEpOSITHO, 00pa30BaHMEM Ha MOBEPXHOCTH BOJOKOH TMAPONHMPOCYTb(UTHOH conH, B
OTJINYHE OT APYTUX UCCIe0BaHHBIX o0pasnoB MBXC.

CormacHO JaHHBIM 3JeKTpoHHONW MuKpockommu, PEPA coBmectno ¢ Gly nHa mo-
BEPXHOCTH JIABCAHOBBIX BOJIOKOH (hOPMHUPYET TOHKYIO IUICHKY C HEKOTOPHIMH He-
OITHOPOJHOCTSIMH, YTO, BEPOSITHO, IPOUCXOAUT 32 CUET OOpa30BAHUS CHCTEMBI
MEKMOJIEKYJISIPHBIX BOmOpoAHbIX cBsizeld Tuma N-H:---O=C. Ilpu B3aummopaeincTBuu
NBXC-(PEPA+0,51Gly)-2,0nH,O.

JHob6asnenne Gly B cocraB UBXC-PEPA npuBOIUT K CyIIECTBEHHOMY YBCINICHUIO
3Hauenuii a (SO,) u ao6p(SOZ) (B 1,6 1 2,1 pa3 OT OKUJACMBIX aJITATUBHBIX BEJIMYHH)
¥ JTHIIB K HE3HAYHTeIbHOMY a, - (SO,). OueBunno, Gly 3a cuer pasynopsaodeHus cu-
CTEMBI BOAOPOAHBIX cBs3ell Tuma S-O ---H-NB mommamMonueBeIX cynbputax PEPA
CIOCOOCTBYET MX HPEBPALICHUIO B THAPOCYALGUTHI (mupocyiabdurer). Kpome Toro,
BO3MO)KHO 00pa30BaHME OIMHUCAHHBIX BBIIIIE MEKMOJIEKYISIPHBIX KOMIUICKCOB.

B ocranpHbIX crnyuasx BHeceHue n00aBok (kpome EDTA) B cocraB UBXC-PEPA
TAKXE CITOCOOCTBYET YBEIMUCHNIO YKa3aHHBIX BBIIIE BEIMIHH 32 CUET Oosee TyOoKoro
TUJIPOJIMTUYECKOTO TIpeBpamenus SO, ¢ yBETUYEHUEM JI0JIH THAPOCYIL(QUTOB (ITMPO-
CYTB(HUTOB).

Job6asnenne EDTA B coctas UBXC-PEPA nmpuBomnT K HE3HAYUTEIEHOMY ITOHH-
KeHHIO 3HaueHns a ; (SO,) (Ha 2 %) 1o CPaBHEHHMIO C aUIMTUBHON BETHINHOM. ITO
00yCIIOBIICHO TPOTEKAHNEM KOHKYPUPYIOIICH PCaKIIiH:

[NH,(CH,CH,NH,) H](SO,) . + (n+1)H,Y- —

n+l

€)
— [NH,(CH,CH,NH,) H],(H,Y) + SO, + (n+1)H,0.

Pesynbrarel uccnenopanus xemocopouun SO, B IMHAMUYECKOM PEKUME TIPUBE-
JeHbl B Ta0u. 3. JloOaBieHre B IPOIUTOYHBIC pacTBOphl Ha ocHOBe PEPA BrIeyka-
3aHHBIX IPOMOTOPOB IPUBOJUT K CYILIECTBEHHOMY YBEJIMUYEHUIO ITOKa3aTesel 3aIuT-
HbIX XapakTepucTuk MBXC (Tabm. 3), mpudeM 3TH 3HAYCHHS HE SBIISIOTCS aIMTHBHON
BEJIMYUHOM.
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CormacHo MosTy4eHHBIM JaHHBIM (Ta0J1. 3), 3aIMTHBIC XapakTepucTuku (T, 1 JIA) nc-
cienoBaHHBIX 00pa3noB UBXC koppenupyroT ¢ BETMUMHAMHA «HEOOpAaTHMON» copOInn
SOZ. st Toro, 4toObI B ycnoBusx dkciuryaranmu CU30/] oopazenr UBXC mormorman
okenp cepsl (IV) u3 I'BC, neobxomumsim sisisiercst a, o (SO,) < 0,80.

Takum o6pazom, ycunenue ruaparanuu UBXC-PEPA 3a cuet BHeceHHs B €ro co-
cras Heopranudeckux (NaCl, KI, Na,CO, u K,CO,) u opranuueckux (EDTA, Gly)
JI00aBOK COIPOBOXKIACTCSI YBEIIMUCHUEM CTATHUECKOW (B T.4. «0OpaTUMOI» B «HE00-
paTuMoi») ¥ TMHAMMYECKOH TONIOTUTEILHON EMKOCTH OTHOCHTENBHO SO,, mpudeM B
OOJIBIIMHCTBE CITydaeB HAOMOMaeTCsl CHHeprudeckuid 3¢ dexTt. [lomydeHHble pe3ynbra-
THI ITTAHUPYETCS UCTIONIB30BATH TP Pa3paboTKe TEOPETHUSCKUX OCHOB CO3IaHMS (PyHK-
IIUOHABHBIX COPOIMOHHO-(QMIIETPYIONIINX MaTePHAIOB PECIIMPATOPHOTO HAa3HAYCHUS.
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BIIVIMB MOJUPIKYIOUNX JOBABOK HA XEMOCOPBIIIO
OKCHUAY CIPKU(IV) BONIOKHUCTHUM MATEPIAJIOM,
IMINPETHOBAHUM IOJIIETUJIEHIIOJITAMIHOM

Y poboTi AOCHiKeHa TPHHIIUIIOBA MOXKJIHBICTH 30iMBIICHHS MOMTMHAIBHOI 31aTHOCTI
IBXC xucnux rasiB Ha OCHOBI a30TOBMICHHX OpraHIYHMX OCHOB IIUIIXOM BBEICHHS B
MIPOCOYYBAJIbHI PO3YHHH PsAAY 100aBOK TAKUX SK XJIOPHJ HATPIIO, HOMU Kalilo, AWHATPieBa
cinp ernnenaiaminTeTpaouToBoi kucinotu (EDTA), miinuH, kapOoHATH HATPIIO 1 KATif0.

VY crarmuHEX yMOBaX 3 BHKOPHUCTAHHSIM BaKyyMHOI COpOIIHHOI yCTaHOBKM 3 KBapIio-
BUMH TIpYXMHHUMH BaraMu Maxk-bena-bakpa nocmimpkeHa TigpoQiIbHICTE BOJOKHU-
CTHX XEMOCOPOEHTIB KHCIIMX Ta3iB Ha OCHOBI IIOJNIECTEPHUX CHHTETUYHHUX BOJIOKOH,
IMIIPErHOBaHUX MOMICTUIICHITONIaMIHOM, L0 MICTITh B SIKOCTI MOJi(hiKaTopOB-IPOMOTOPIB
pAx 100aBOK, TAKKMX SK HOAWM KaJlilo, XJIOPUA HATpito, KapOOHATH HATPIIO 1 KaJito, TIIIHH a
TaKOXX TUHATPIEBA CUTh ETHIICHA1aMIHTETPaoLTOBOI KUCIOTH. [loka3aHo, 110 BBECHHS 3a3Ha-
YeHUX 100aBOK CIIPUYHMHIOE Pi3Ke MiABHIICHHS TiApO(ITFHOCTI 3pa3KiB, IO CTBOPIOE Mepe-
JIyMOBH ISl TTofaibiiol edexruBHimoi xemocop6mii okcuny cipku (IV). B pamkax Teopii
noaiMoleKynsipaoi copouii bpynayepa-Emmera-Temnepa npoaHanizoBani i3otepmMu copOIii
Hapy BOJM, BU3HAUCHI BEIMYMHH €MHOCTI MOHOIIAPY 1 3HAYSHHsI TEIUIOT COPOLIT MOJIEKYI
BOJIM B MEPLIOMY MIapi. Y CTATHYHUX 1 IMHAMIYHUX yMOBaX JOCIIIKEHa XeMOCOPOLisl OKCH-
ny cipka (IV) cyxumu 1 3BOJIOKEHUMHE 3pa3kaMH XeMOCOpOeHTiB. BcraHoBieHo, 110 mporec
xemocopobmii SO, Moske BiOYBaTUCS TiTbKU MPU HASIBHOCTI «BiIBHOD BOJIH, IO YTBOPIOETHCS
nicis 3aBepiueHHs popMyBaHHS MoHoLIapy. [loka3aHo, 0 BBEACHHS TIiApoQisli3oBaHUX 10-
0aBOK CIIPUYMHIOE iCTOTHE 30UIBIICHHS MONIMHAIBHOT 34aTHOCTI 1010 okcuay cipku (IV)
SK Y CTaTMYHMX, TaK i B JUHAMIYHUX yMoOBax. OTpHMaHi pe3yJbTaTH IUIAHYEThCS BUKOPHU-
CTOBYBAaTH TPH PO3pOOII TEOPETHYHHX OCHOB CTBOPEHHS (YHKIIOHAJIBHUX COPOLiitHO-
(hiTBTpyIOYMX MaTepialiB pecHipaTopHOTO MpU3HAYCHHS.

KuaruoBi coBa: BOJOKHHCTI  MaTepiaii, MPOMOTOPH, i30TepMa, TMapud  BOJH,
noieTUIIeHnomiaMil, okeu cipku (IV).
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EFFECT OF MODIFYING ADDITIVES ON CHEMOSORPTION
OF SULFUR (IV) OXIDE BY FIBROUS MATERIAL
IMPREGNATED WITH POLYETHYLENEPOLYAMINE

The principal possibility of increasing of the absorption capacity of impregnated fibrous
chemisorbents (IFCS) acid gases based on nitrogen-containing organic bases by introducing
into impregnating solutions of some additives such as sodium chloride, potassium iodide,
ethylenediaminetetraacetic acid disodium salt (EDTA), glycine, sodium and potassium
carbonates was investigated.

Under static conditions using a vacuum sorption unit with McBen-Bakr quartz spring scales
the hydrophilicity of fibrous chemisorbents of acid gases based on polyester synthetic
fibers impregnated with polyethylenepolyamine containing as modifiers of potassium,
such as potassium modifiers, such as promoters sodium and potassium carbonates, glycine
and the disodium salt of ethylenediaminetetraacetic acid was studied. It is shown that the
introduction of these additives leads to a sharp increase in the hydrophilicity of the samples,
which creates the preconditions for further more efficient chemisorption of sulfur(IV) oxide.
Within the framework of the Brunauer-Emmett-Teller theory of polymolecular sorption, water
vapor sorption isotherms are analyzed, the values of the monolayer capacity and the values
of the sorption heat of water molecules in the first layer are determined. Under static and
dynamic conditions, chemisorption of sulfur oxide (IV) by dry and moistened samples of
chemisorbents was studied. It is established that the process of SO, chemisorption can occur
only in the presence of «free» water formed after the formation of the monolayer. It is shown
that the introduction of hydrophilized additives leads to a significant increase in the absorption
capacity of sulfur(IV) oxide in both static and dynamic conditions. The obtained results are
planned to use in the development of theoretical bases for the creation of functional sorption-
filtering materials for respiratory purposes.

Key words: fibrous materials, promoters, isotherm, water vapor, polyethylenepolyamine,
sulfur(IV) oxide.
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